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Development and progression of coronary artery disease are 
related to risk factors that iocl~de edity, age, gender, 
hypertension, hyperlipidemia, diabe mellitus and ciga- 
rette smoking (I). The role of these and other risk factors in 
cting the natural history of coronary artery disease and 
prognosis after coronary artery bypass graft surgery has 
been the subject of numerous studies (1-3). 
The primary purpose of this study was to explore how 
one of these risk factors--age at tke rime ofcoronnty artery 
surgery-influences the postoperative long-term survival 
rate. The role of age in determining the natural history of 
coronary artery disease is complex. Coronary artery disease 
is commonly found at autopsy in young people (4) and risk 
increase:: with age (I). Those afflicted at an early age may 
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have a poor outcome. For example, Lim et al. (5) reported a 
5 year survival rate of only 67% in those ~40 years treated 
medically, reflecting an annual mortality rate considerably 
igher than the 4% described in the Frami~gham studies 
(196). 
It may also be proposed that younger patients with 
coronary atherosclerosis extensive enough to require surgi- 
cal revascularization would have a reduced po 
survival rate compared with older patients. The s 
that predispose them to premature atherosclerosis would 
predispose them to disease progression after surgery. This 
study was initiated to test this hypothesis. 
is, which contains clinical an 
> 14,000 consecutive patients 
coronary arteriography. Clinical as well as angiographic and 
hemodynamic data are abstracted at the time of cardiac 
catheterization from information in either the medical record 
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or the procedure report. Follow-up information is obtained 
from questionnaires mailed annually to either the patient or 
the r&;ring physician within 1 month of the catheterization 
anniversary date. 
From this group of patients, a subset of patients with 
significant coronary artery disease (270% obstruction of one 
or more major epicardial arteries or ~50% obstruction of the 
left main coronary artery) who underwent coronary artery 
bypass graft surgery was selected. We excluded patients 
with 1) insignificant coronary artery disease (<70% obstruc- 
tion of a ma,ior epicardial vessel and ~50% obstruction of the 
left main artery), 2) with significant coronary artery disease 
who were not treated surgically, or 3) with congenital, 
valvular or primary myocardial disease with or without 
associated coronary artery disease. Patients who died peri- 
operatively (that is, during hospitalization) and those with- 
out any follow-up contacts were also excluded. On the basis 
of these inclusion and exclusion criteria, 2,507 patients were 
selected for this study. 
Angiographii prmedures. All patients underwent coro- 
nary angiography and left ventriculography by the 
brachial artery approach. Angiograms were analy 
cardiologists who determined the presence and severity of 
coronary artery disease. The severity of obstruction was 
coded for each of 27 separate segments of the coronary 
circulation. 
Statistical methods. The probability of death during the 
follow-up period or risk interval for each patient was calcu- 
lated from U.S. life tables. The risk interval for each patient 
extended from the date of catheterization until December 31, 
1985 or until the date of last contact for those lost to 
follow-up evaluation. Factors used to compute the probabil- 
ity of death for each patient included race, gender and age 
for each calendar year of the risk interval. Survival rates for 
recent years not yet published were calculated from linear 
extrapolations from previous years. 
The total number of expected deaths for the entire study 
set was the sum of probabilities of death of all subjects in the 
study (7). Similarly, the total number of expected deaths in 
subsets of patients (for example, all patients who smoked 
cigarettes) was the sum of the probabilities of death in all 
subjects included in that subset. 
The variance of the expected number of deaths was 
calculated assuming the status of each patient at the end of 
the risk interval to be a Bernorilli random variable, with the 
expected value being the expected risk of death (8). The 
overall variance for the study group was the sum of vati- 
antes of all subjects in the study, assuming their indepen- 
dence. The normal distribution was used to test the statisti- 
cal significance of the difference between the observed and 
the expected numbers of deaths. 
The numbers of observed and expected deaths for sub- 
groups were changed to rates by dividing the number of 
deaths by the number of subjects and the avenge length of 
Table P. Age, Race and Gender Distribution in the Study Group 
Ane (yr) 
20-39 40-49 50-59 60-69 270 Total 
Total no. of subjects 
Race/gender (95) 
White male 
White female 
Black male 
Black female 
78 454 %5 791 219 2.507 
69.2 69.6 64.6 62.3 54.3 64.0 
11.5 6.4 10.4 14.2 21.0 11.8 
17.9 21.6 21.2 19.5 17.8 20.3 
1.3 2.4 3.8 4.0 6.8 3.8 
follow-up within subgroups. Thus, the basis for comparing 
subgroups of patients was the average annual observed and 
expected mortality rates after coronary artery bypass sur- 
gery. 
The ratio of observed to expected deaths was computed 
for each ofjve age groups (20 to 39,40 to 49,50 to 59,60 to 
69 and 270 years) as well as subsets with and without 
selected risk factors. These included smoking status, hyper- 
tension (defined as a history of treatment or blood pressure 
>160/90 mm Hg), diabetes mellitus and hypercholesterol- 
emia (defined as cholesterol levels >9Oth percentile for age, 
gender and race). 
Chi-square goodness of fit methods were used to deter- 
mine if ratios of observed to expected deaths were homoge- 
neous across patient subgroups (9). Under the null hypoth- 
esis, the proportional distribution across subgroups of 
observed deaths should be the same as the proportional 
distribution of expected deaths computed from U.S. life 
tables. Pearson’s chi-square statistic was used to test the 
significance of departures from this null hypothesis. We also 
employed model-building methods to examine combined 
effects of multiple risk factors on the observed/expected 
ratios (9). 
esu 
Baseline characteristics. A total of 2,507 patients with 
significant coronary artery disease were treated with sur- 
gery. Follow-up time averaged 4.9 years, with a maximum of 
13 years; an average of 4% of patients/year were lost to 
follow-up. The distributions of age, race and gender are 
shown in Table 1. The older age categories had a larger 
proportion of women and blacks than did the younger age 
groups. 
Ageqecik mortality. Observed and expected annual 
mortality rates for each age group are listed in Table 2, and 
the ratios of observed to expected mortality rates during the 
follow-up period are plotted in Figure 1. The observed 
mortality rate after coronary bypass surgery was sigrdfi- 
cantly greater than expected from U.S. life tables for the 
three younger age groups; observed/expected ratios equaled 
4.9, 1.9 and 1.3 for the subsets aged 20 to 39,40 to 49 and 50 
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Age Group (yr) Observed Expected 
20-39 (n = 78) 15.5 3.2 
40-49 (n = 454) 14.5 1.5 
50-59 (n = 965) 20. I 15.9 
60-69 (n = 791) 26.0 28.3 
~10 (n = 214) 54.8 53.0 
*Deaths/year per 1.000 subjects. 
n contrast, ratios of 0.92 an 
e7Q years, res~ect~ve~y~ were not 
The merall ~i~~~~c~~~ce of the 
observedlexpecled 
quencies of obser 
frequencies calculated from age-spe 
age was highly significant (chi- 
determine if the observe 
a similar distribution of risk or severity vari 
artery disease than did the older age groups. Younger age 
subsets contained relatively fewer individuals with left main 
disease and more with single vessel disease (p < 0.001) and 
had relatively fewer patients with New York Association 
class III and IV angina at the time of catheterization (p = 
0.028) than did the older subgroups. Ejection fraction was 
similar in all subgroups. 
Figure il. Effect of age on the ratio of the number of deaths observed 
in the study group to the number expected from U.S. life tables. 
Asterisks mark data points with ratios significantly different from 
unity. 
cl7 
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e 3, Angiogr 
~e~tric~~ar 
isease and 
Re 
213-39 
Age (yr) 
XI-59 -69 270 
Vessel involvement 
(% of patients) 
Single 31.2 
Double 25.6 
Triple 28.2 
Lef6 main Y.0 
Ejection fraction (%) 
P&am 59.3 
S 12.3 
% with EF <5U% 2l.S 
EF = ejection fraction. 
28.8 24.4 17.2 16.8 
32.3 32.0 32.3 28.2 
29.9 31.1 34.6 36.8 
9.0 12.6 16.0 18.2 
62.2 62.9 63.3 62.4 
14.2 13.6 14.3 15.1 
16.9 13.6 14.3 I5.I 
The proportion of ~u~ie~~~ wirh a cholesterol level >90fh 
percenrile for age and race was highest in the 21 to 49 year 
age group and lowest a ong those 270 years of age. 
owever, when the entire study group was su 
e basis of normal or high cholesterol levels, a significantly 
increased ratio of observed to expected mortality was still 
observed between ages 20 to 59 years (Fig. 2); i 
. Prevalence of Selected Risk Factors Observed in t 
Study Croup and Expected From the General Population 
Stratified by Age 
Age (yr) 
25-34 35-44 45-54 55-64 265 
Diabetes mellitus (9%) t I I I* 
Observed 8t 10 I4 17 
Expected 15+ 4 7 9 
Systemic hypertension (%I (12)* 
Observed 25 36 36 42 44 
Expected 9 13 26 34 41 
Hypercholesterolemia (Q) (12)* 
Observed 58 45 23 21 21 
Expected 10 IO IO 10 IO 
Cigarette smoking (c/o) (IO) 
Observed 89 88 82 77 61 
Expected 43.9 47.1 41.1 33.1 24.2 
*Diabetes mellitus defined by history of treatment: hypertension defined 
by history of treatment or recent pressure >I60190 mm Hg: hypercholester- 
olemia defined by level XXlth percentile corrected for age. race and gender. 
tData for combined ages 25 to 44 years. Numbers in parentheses are 
references for tabulated data. 
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Figure 2. Effect of age on the ratio of observed to expected deaths 
with patients stratified by the presence or absence of hypercholes- 
terolemia. Asterisks mark data points with ratios significantly dif- 
ferent from unity. 
years, the ratio approximated unity. Thus, although a high 
cholesterol level (unlike diabetes or hypertension) was more 
prevalent among the younger age groups of patients under- 
going coronary artery surgery, the presence of hypercholes- 
terolemia alone does not explain the difference in mortality 
rates among age groups. 
The proportion of smokers in the study group at all ages 
was higher than in the reference group (Table 4). The 
frequency of cigarette smoking was highest in the young age 
groups and decreased with increasing age. The study group 
was classified into smokers [n = I,7031 and nonsmokers. 
Nonsmokers showed similar observed and expected mortal- 
ity rates in all age groups (Table 5, Fig. 3). The observed/ 
expected ratio for each age group was not significantly 
different from unity @hi-square = 0.35) (Fig. 4). 
Smokers, however, demonstrated a definite excess of 
observed over expected mortality in the younger age groups 
(Table 5, Fig. 3 and 4). The observed mortality rate among 
smokers was greater than expected in patients ~40 years of 
age (observed/expected = 6.0, p < O.OOl), between 40 and 49 
years (observedlexpected = 2.2, p -z 0.001) and 50 to 59 years 
(observed/expected = 1.4, p c 0.001). It was not significantly 
different from expected in subjects 60 to 69 years of age 
(observed/expected = 0.95) and in those 270 years of age 
(observed/expected = 0.99) who smoked. Among smokers, 
Table 5. Observed and Expected Average Annual Mortality 
Rate* per I,000 Population Among Smokers and Nonsmokers 
Stratified by Age 
Age Group 
Nonsmokers 
(yr) Observed Expected 
20-39 0 3.7 
40-49 6.4 7.8 
50-59 10.8 14.5 
60-69 22.5 26.7 
270 44.9 52.5 
*Deaths/year per 1,000 subjects. 
Smokers 
Observed Expected 
18.5 2.9 
16.5 6.9 
22.7 15.1 
21.1 26.1 
53.8 48.5 
N S 
* P<O.Ol 
AGE GROUP (YEAR51 
Figure 3. Effect of age on the ratio of observed to expected average 
annual proportion of deaths among nonsmokers and smokers. 
age significantly affected the overall observed/expected ratio 
(chi-square = 40.82, df = 4, p < 0.001). 
The prevalence of risk factors in the study group was 
compared with the prevalence in those excluded because of 
incomplete follow-up. No statistically significant differences 
(p > 0.05) in the frequency of diabetes, hypertension, 
hypercholesterolemia, smoking or male gender were found. 
l~~~ac~oria~ analysis (mode! hit ). The effect of age 
on the ratio of observed to expected deaths was evident in 
every stratum of risk factor, considered one at a time. with 
the exception of nonsmokers. For diabetic (p = 0.022) and 
nondiabetic (p -C 0.001) patients, patients with a high cho- 
lesterol level (p = 0.001) as well as those with a normal level 
(p = 0.103), subjects with normat blood pressure (p < 0.001) 
and smokers (p < O.OOl), the observed/expected ratio was 
greater for younger than for older age categories. Even 
though statistical significance was not reached for those with 
a normal cholesterol level, the ratios in the five age groups 
Figure 4. Effect of age on the ratio of observed to expected deaths, 
with patients stratified by their smoking status. 
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level (p = 0.029). 
However, this approac 
patterns or variables such as prevalence of diabetes, hyper- 
tension and hypercbolesterolemia. Thus, the study group 
differs in some ways from that of the control set. As detailed 
in Table 4, differences in the two populations were used to 
identify variables that may explain the observed differences 
in survival between younger and older patients. Also, as 
noted by Rahimtoola (19), this method does not consider the 
effect of acute and chronic diseases that cause death in the 
general population but exclude patients from surgical con- 
sideration; hence, the surgical subset may be healthier in 
some ways than the general population. These issues do 
t a potential limitation of this stu 
e results of this study 
indicate that younger patients do indeed have a decreased 
survival rate compared with an age-, race-, and gender- 
matched control population, whereas older patients have a 
normal survival compared with a similarly matched popnla- 
tion (Fig. 1). Thus, older patients (260 years) surviving 
coronary artery surgery may expect to live as long as their 
general peer population. In contrast, patients <60 years who 
Severity of angina, extent of 
us of left ventricular function 
nence SUPVlQi3 
isease (2.15,17,21,22). In the present study, however, the 
ease. Ejection fraction was similar among all 
developing coronary disease (1). Consistent wi 
the prevalence of diabetes, hypertension and 
terolemia was higher among the study patients than among 
the age-matched U.S. population, This difference might 
explain a higher mortality rate in younger patients by pro- 
ducing accelerated atherosclerosis before and after surgery. 
However, because the incidence of diabetes and hyperten- 
sion increased at an equal rate with advancing age, these 
variables did not produce the observed age-dependent sur- 
vival, The lack of interactive role was reconfirmed in the 
multivariate analysis, where age h>td a significant effect 
independent of the presence or absence of each risk factor. 
The importance of an elevated serum cholesterol level as 
a risk factor for coronary disease has been well established 
(1). Studies (23) have also demonstrated that the relative risk 
(although not the absolute risk) of an elevated cholesterol 
level is higher among the young than the old. in the present 
study, an elevated cholesterol level was more prevaleot 
among the younger age groups. However, when the patient 
group was dichotomized according to cholesterol level. the 
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younger patients continued to display a higher mortality 
ratio (Fig. 2). Thus, an elevated cholesterol level does not 
explain the differential survival. 
E&Z& of cigarette smoking. The deleterious role of cig- 
arette smoking on the natural history of coronary disease is 
well known (24-34). For example, in young patients with 
coronary artery disease, smoking is the most prevalent risk 
factor. In cohorts reported by Kelley et al. (35), Lytle et al. 
(15) and Fitzgibbon et al. (17), 93%, 84% and 88% of young 
patients, respectively, with coronary disease smoked. These 
data are in accord with the high prevalence of cigarette abuse 
in our younger patients. 
Effects of cigarette smoking on postoperative survival are 
also clear. In aMudy of 107 patients 135 years, Lytle et al. 
(15) demonstrated that smoking decreased event-free sur- 
vival after surgery. In medically and surgically treated 
patients from the Coronary Artery Surgery Study Registry, 
Vlietstra et al. (31) found improved survival at 5 years for 
patients who stopped smoking compared with those who 
continued to smoke. 
Interaction of age and smoking. In this study, both de- 
creasing age and smoking were associated with a reduced 
relative survivai rate (Table 5, Fig. 4). Data in Figure 4 and 
the results of the multivariate analysis also show that these 
two factors interact to alter outcome: survival in young 
patients is reduced only in those who smoke. 
This decrease in the risk related to smoking with advanc- 
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